I We present a method for the simultaneous quantification of multiple drug analytes in urine, based on combining immunochemical binding with capillary electrophoretic separation. Two fluorescent drug-cyanine (Cy) dye conjugates were prepared as competing species for the immunoassay. Morphine was derivatized with Cy5 (A = 652 nm, a = 215 000 mor-'cm1L), phencyclidine (PCP) with Cy5.5 = 675 nm, a = 200 000 moI1cm1L). The high-efficiency resoMng power of the capillary electrophoresis system (20 pm x 27 cm column) separated the individual labeled drugs, and the antigen-antibody complexes were detected by laser-induced fluorescence (laser: 10 mW He-Ne at 632.8 nm) with Cy5 diacid as internal standard. Simultaneous competitive immunoassay of morphine and PCP in urine showed that the free labeled-drug peak areas were proportional to the concentrations of the drug species present in the urine sample. Until recently, products used to screen for drugs of abuse could detect only one drug at a time so that separate tests had to be conducted to screen for all five drug classes. A system for qualitative screening of all five drug classes has been developed, based on formation of agglutinated complexes (3). The CE/LIF technique we describe is quantitative. Although we report on screening for two drugs of abuse as a representative example, in principle this methodology can be used for simultaneous determination of several analytes, the number being limited only by the effectiveness of separation of the labeled antigens in the CE system.
of urine analytes, we focused on competitive immunoassays with fluorescent-labeled antigen. In most practical immunoassays, either the free or the bound species must be measured in the presence of numerous potentially interfering substances. Because the species of interest will often be at a relatively low concentration, the label and detection method used must provide good sensitivity.
Furthermore, the assay technique must include a step that effectively separates the antigen-antibody complex from the free antibody.
The free and antibody-bound labeled antigen can be readily separated and detected by capillary electrophoresis (CE) with laser-induced fluorescence (LIF) detection.2 For effective separation of the antigen or antibody from the antigen-antibody complex, we chose to use highly negatively charged cyanine dyes, Cy5 and Cy5.5 (1,2), as the fluorescence probes for LW detection A solution of normorphine (see Fig. 1 
Results and Discussion
The study of antibody-antigen reactions by CE was demonstrated by Nielsen et al. (4) . In that study, the antigen and antibody molecules were of comparable size, and the peak due to the appreciably larger antibody-antigen complex could be clearly separated from the peaks for the free antibody and the free antigen. The measurements were made with ultraviolet absorbance, with protein concentrations at -40 mol/L, and in the absence of significant concentrations of potentially interfering substances.
CE/LIF has a typical detection limit of 1 pmot'L, making the system ideal for higher-sensitivity immunoassay (5) (6) (7) . For a competitive immunoassay, a labeled antigen (Age) or antibody must be well separated from the antigen-antibody complex. The amount of free Inbaled antigen is directly proportional to the antigen present in the sample.
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The morphine and PCP derivatives used for labeling, Cy5-labeled morphine and Cy5.5-labeled PCP (Fig. 1) , both carry net negative charges of 3 to 4, depending on the buffer pH. The relative electrophoretic mobilities of Cy5-morphine and Cy5.5-PCP are shown in Fig. 2k Cy5 diacid in the mixture acts as a reference peak. Addition of antibody to morphine results in the disappearance of the conjugate peak at 3.5 miii and the formation of a new broad peak eluting at 2.05 miii, the Cy5-morphine-antibody complex (Fig.  2B) . The antibody (150 kDa) is so much larger than the Cy5-morphune (820 Da) that the antibody-Cy5-morphine complex migrates at essentially the same position as the antibody. The broad peak indicates the heterogeneity of the antibodies in the antiserum. Similarly, the addition of antibody to PCP results in the formation of the antibody-Cy5.5-PCP complex (2.1 mm) at the expense of the Cy5.5-PCP peak at 3.2 mm (Fig. 2C) . Addition of antibody to both conjugates results in the disappearance of both free conjugate peaks and the formation of a rather skewed and broad antibody-antigen complex peak (Fig. 2D) ; this peak appears to be an aggregate of the peaks in Fig. 2B and C, tration of the labeled morphine and PCP. In CE/LIF of the resulting immunoreaction mixture, the amounts of the free Cy5-morphine and Cy5.5-PCP are proportional to the amount of each drug species present in the urine sample (Fig. 3, A-D Thus, if the antibody is fluorophore-labeled and present in excess with respect to the protein antigen, the amount of the complex formed should be directly proportional to the concentration of the protein antigen. Thus, only a single antibody species, rather than the pair of antibodies required for sandwich immunoassays (11) with solid-phase separation, is needed for a quantitative immunoassay using the CE/LIF technique. The use of excess antibody vs antigen in solution should provide more favorable reaction kinetics than that obtained with the traditional solid-phase-based sandwich immunoassay.
In conclusion, the combination of charge modulation of the antibody or antigen and powerful capillary electrophoresis separation, along with laser-induced fluorescence detection, promises to be a powerful tool for quantitative immunoassays.
